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Abstract 
This study aims to present the proposed feed-in tariffs in grid connected photovoltaic power plants in 
Thailand. Under the Renewable and Alternative Energy Development Plan for 25 percent of final energy 
consumption in 10 years (AEDP 2012-2021), The government of Thailand has planed that the electricity 
generated by solar power will be 2,000 MW or 2,484 GWh. Thailand has moderate solar potential with 
average annual global radiation of 17-18 MJ/m2.day. Until recently, the incentive of investment to 
produce electricity from solar power is under government subsidization scheme, or Adder. However, the 
Adder itself has many constraints such as the limitation of the period of subsidization within 10 years for 
solar power. This paper investigates the proposed feed-in tariffs in solar photovoltaic through the whole 
lifetime of the projects by an energy model (RETscreen model) in three categories; (1) residential rooftop, 
(2) integrated ground mounted and rooftop solar photovoltaic, and (3) utility scale with the installed 
capacity larger than 1 MW. The result of this study found that the proposed feed-in tariffs with after tax 
return to equity of 11.0% are: $0.48/kWh for residential rooftop, $0.31/kWh for the integrated ground 
mounted and rooftop solar photovoltaic, and $0.28/kWh for the utility scale. 
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1. Introduction 
      Since energy demand is projected to keep increasing, renewable energy and alternative energy are 
considered potential options for its increasing. Renewable energy utilization will help reduce not only the 
country’s dependency on imported energy but also reduce the risks of volatility of imported fuel prices. 
Renewable energy has become a country target to promoting wider of its utilization to replace the fossil 
based energy consumption.  This gives the overview of solar utilization in scales of solar farms, 
residential and in commercial scales. Thailand itself has high potential of solar irradiation in the most 
parts of country that can produce electricity from solar photovoltaic technology.  
 
1.1 Renewable and Solar photovoltaic in Thailand 
 
      In Thailand, renewable energy and alternative energy are considered potential options to 
accommodate the increasing energy demand. Renewable energy utilization will help reduce not only the 
country’s dependency on imported energy but also reduce the risks of volatility of imported fuel prices. 
Under the government plan, the development of renewable/alternative energy has become a country aims 
by promoting wider utilization of renewable energy to replace conventional energy consumption and 
motivating people to use energy efficiently and economically. The alternative and renewable energy 
utilization in Thailand in several aspects including technological and supplying potential of biomass, 
biogas, municipal solid waste, hydropower, wind, solar, and new energy in other forms. The AEDP target 
is leading toward a low carbon electricity in 2021[1]. The ADEP detailed target for electricity generation 
from renewable sources is summarized in Table 1. 
 
Table1. Target on renewable energy in Thailand, 2012-2021 
 
Energy resources Power  generation target in 
2021 (GWh) 
Accumulated installed capacity in 2021  
Wind Energy 1,283 1,200 MW 
Solar Energy 2,484 2,000 MW 
Hydro power 
 
5,604 EGAT  pump storage 1,284 MW,  
small hydro 324 MW 
Biomass 14,008 3,630 MW 
Biogas 1,050 600 MW 
Municipal Solid Waste (MSW)  518 160 MW 
New Energy 10 Geothermal 1 MW, and tidal Energy 2 MW 
Total 24,956 GWh 9,201 MW 
Source: Ministry of Energy 2010 
 
1.2  Feed-in tariff (FIT) 
 
     Feed-in tariffs has evidently been demonstrated to be one of the most successful and one of the most 
successful renewable mechanisms for promoting large-scale energy markets that offer the stability 
necessary to attract local manufacturing, as practiced all renewable energy areas. To understand the FIT 
strategy, we have to first make the following remark: the major obstacle in front of green electricity is that 
it is so expensive when compares with fossil-based electricity. The generators can produce cheap 
electricity from fossil fuels but it is further expensive from renewable energies. They refrain from 
producing the expensive one because they are not sure whether the suppliers will buy electricity from 
them: the suppliers will prefer to buy the cheap one so that the consumer pays the minimum as possible as 
for electricity. The government obligates the suppliers to buy the green electricity at a price higher than 
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the price of the regular electricity. Many investors can build new power plants because they know that 
they have a guaranteed price for operation. The FIT programs have been proven, by experiences from 
some European countries, to make larger and faster penetration of energy market at a lower cost than any 
types of other promotion systems. The main effect of FIT is on the technology price reduction, which 
makes it suitable for building sustainable development [2]. 
 
1.3 Reason for FIT success 
 
     It is important to note that apart from the promotion system here should be other reasons for successes 
such as in the cases of Germany and Greece. The successes of countries using feed-in tariffs have several 
reasons [3]: 
 
•   FIT offers long-term security for investors through guaranteed and fixed tariffs for long periods on a     
  relative high level (high price per kilowatt hour). 
•  The existence of well-built financial subsidy programs. 
•   Regional investments towards economic and social welfare. 
•  Technology-specific and location dependent differentiation.  
•  Stable governmental regulations. 
 
1.4 Solar photovoltaic model 
 
     A solar cell can be represented [4] by a current source connected in parallel with a pnp junction diode 
as shown in Fig. 1. 
 
 
 Fig.1. Equivalent circuit of solar cell 
 
The current source is the photocurrent generated by incoming sunlight as presented in Eq. (1). 
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The open-circuit voltage is the voltage when the current is zero, defined as shown in Eq. (2),  
where KB is a Boltzmann’s constant. 
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Because Isc is always much higher than I0, then Eq. (2) can be simplified as presented in Eq. (3) 
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Therefore, the voltage at maximum power is presented in Eq. (4) 
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The current at maximum power is presented in Eq. (5) 
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After some simplification, maximum power is presented in Eq. (6) 
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2. Methodology 
     An energy model is used for solar generation calculation. The RETscreen international software was 
applied for this study. The RETScreen renewable energy system simulation software is very suitable for 
performing the preliminary evaluation of renewable energy projects and is used for this study. The 
RETScreen is an Excel based software which was created by Canmet Energy Research Centre, Natural 
Resource Canada and is available free of cost. The RETScreen is a validated software; it is easy to use 
and provides accurate result of energy. This software contains a number of worksheets for performing 
detailed project analysis. The RETScreen suite includes Energy Model, Cost Analysis, Emission 
Analysis, Financial Analysis and Sensitivity and Risk Analyses sheets [5].  
     Method of doing research is by site visiting (renewable energy power plants) and by using documented 
data from United Nation Framework Convention on Climate Change, UNFCCC. The data input to 
calculate the feed-in tariffs are different in each technology.  
 
2.1 Solar potential for electric power generation 
 
     Energy generation assessment is performed in the Energy Model sheet of RETScreen which requires 
input of project location, photovoltaic module type, solar tracking mode, miscellaneous losses of array 
and inverter loss. Based on the yearly solar radiation map [6], solar energy potential in Thailand was 
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investigated. Geographical distribution of solar radiation was studied as shown in Fig.1. It was found that 
45% of the total areas of the country receives annual solar radiation in the range of 17-18 MJ/m2.day, 
while there are only a few percentages of the area with low solar radiation (less than 15 MJ/m2.day),  as in 
Fig.2. This indicated that most parts of Thailand have a relatively high solar radiation. For sunny regions 
like Thailand, crystalline PV modules are more suitable while thin film photovoltaic modules work better 
under diffused radiation conditions. PV module based on crystalline silicon also have low age derating 
value of power as compared to thin film module which means that the decline in PV power plant 
electricity generation capacity being relatively small over its lifetime. Commercial crystalline 
photovoltaic modules are more efficient as compared to amorphous or thin film modules. 
 
 
Fig.2. Solar radiation with various ranges in Thailand 
 
 
2.2  Assessment of financial viability 
 
      Financial analysis involves among inputs such as capital cost, electricity export rate, required rate of 
return, electricity export escalation rate, to encourage investment in renewable projects. Thai government 
offers several incentives such as income tax exemption and tariff rates for these projects. 
      Financial Analysis Sheet also requires project annual costs and credits. Fuel price escalation rate (such 
as in case of biomass power plants), and inflation rate. The RETscreen discount rate or required rate of 
return for this project and a value  chosen for the providing a comparison with other indicators including 
the exception for income tax (for 8 years) and tax depreciation in the economic analysis of the solar PV 
projects [7].The pre-tax forms of the Weighted-Average Cost of Capital (WACC), which is useful for 
comparing with different markets. But the post-tax form, which is used in this study that the return rate to 
equity after paying the cooperated tax is set with the benchmark of minimum rates with 11.0%. In the 
final analysis no emission reduction credit or clean production income is assumed. 
     The WACC determines as the benchmark; it is based-on the assumptions of cost and debt and equity 
that helpful to determine the investment. The debt ratio of 0-90% is suggested for renewable energy 
projects by the RETscreen model. In this study a range of 50-54% debt ratio was employed in the 
financial analysis of the various projects. Other financial assumptions are shown in Table 2. 
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Table 2. PV power plant financial inputs 
 
Financial data inputs         Input value 
Project life        20 years 
Debt ratio          54% 
Debt term          7 yrs 
Electricity export  escalation           Fixed rate 
Inflation rate         3% 
Discount rate          10% 
Corporate tax          30% 
 
 
2.3  Future trend of solar photovoltaic costs 
 
     Assumptions relative to the next ten years are more robust and based on detail assessment of various 
cost factors of photovoltaic systems [8]. The price of silicon photovoltaic modules is expected to come 
down to one-third of its current price, and also one-third of future total system prices, against more than 
half at present prices, as shown in Fig. 3. 
 
 
Fig. 3. Utility scale solar system cost forecast 
 
 
Table 3.  Electricity generated in rooftop solar photovoltaic 
 
Months 
 
Daily solar radiation in 
Horizontal (kWh/m2/day) 
Daily solar radiation-tilted 
(13.70)  (kWh/m2/day) 
 Electricity export to grid 
                    (MWh) 
January 4.62 5.13 1.307 
February 5.00 5.34 1.219 
March 5.56 5.70 1.427 
April 5.70 5.59 1.352 
May 5.18 4.94 1.243 
June 4.81 4.53 1.111 
July 4.70 4.46 1.133 
August 4.52 4.39 1.120 
September 4.27 4.28 1.058 
October 4.41 4.61 1.172 
November 4.66 5.12 1.256 
December 4.70 5.31 1.350 
Annual 4.84 4.95 14.747 
 
 
3.12
2.74
2.49
2.31
2.10
1.96
1.82 1.70 1.59 1.49 1.39
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year
U
til
ity
 s
ca
le
 s
ol
ar
 P
V 
sy
st
em
 c
os
t (
$/
W
)
 Prachuab Peerapong and Bundit Limmeechokchai /  Energy Procedia  52 ( 2014 )  179 – 189 185
 
Table 4.  Electricity generated in integrated ground mounted and rooftop solar photovoltaic 
 
Months 
 
Daily solar radiation in 
Horizontal  (kWh/m2/day) 
Daily solar radiation-tilted 
(13.4 0) (kWh/m2/day) 
  Electricity export to grid 
                (MWh) 
January 5.07 5.66 39.87 
February 5.62 6.04 38.12 
March 5.99 6.15 42.73 
April 6.23 6.11 40.95 
May 5.37 5.11 35.84 
June 4.93 4.65 31.67 
July 4.82 4.57 32.31 
August 4.81 4.67 33.07 
September 4.73 4.75 32.58 
October 4.49 4.69 33.28 
November 4.74 5.20 35.52 
December 4.86 5.48 38.79 
Annual 5.13 5.25 434.74 
 
 
Table 5. Electricity generated in utility scale solar photovoltaic 
 
Months 
 
Daily solar radiation in 
Horizontal (kWh/m2/day) 
Daily solar radiation-tilted 
(16.40)  (kWh/m2/day) 
 Electricity export to grid 
              (MWh) 
January 4.79 5.53 5,841 
February 5.24 5.74 5,421 
March 5.54 5.73 5,941 
April 5.61 5.50 5,511 
May 5.21 4.93 5,161 
June 5.09 4.75 4,818 
July 4.80 4.52 4,770 
August 4.78 4.63 4,890 
September 4.76 4.80 4,898 
October 4.77 5.09 5,344 
November 4.74 5.38 5,475 
December 4.56 5.33 5,668 
Annual 4.99 5.16 63,738 
 
 
2.4  Three cases of solar photovoltaic   
 
    Residential rooftop, integrated ground mounted and rooftop photovoltaic, and utility scale with the 
installed capacity more than 1 MW are case studies. Fixed tilted solar photovoltaic power plant is 
expected to have low O&M costs (normally 1% of the initial capital cost). It needs regular cleaning of 
dust from solar panel as well as occasional replacement of inverter (for every 11 years). In the market 
economy a PV power plant has to earn profit from investment. Required rate of return on investment is 
the rate that used for discounted future cash flows to obtain their present values.  
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Table 6. Photovoltaic power plant inputs, the technical terms 
 
Technical data inputs  
 Solar rooftop Ground mounted and rooftop Utility scale 
Capacity 11.04 kW 330 kW 38.5 MW 
Tracking system No tracking No tracking No tracking 
Module  temp. coefficient 0.40%/0C 0.40%/0C 0.40%/0C 
PV module efficiency 14.0% 11.0% 14.0% 
Miscellaneous PV array 
losses 
10% 8% 6% 
Inverter loss 5% 5% 2-3% 
 
Table 7. Financial indicators of photovoltaic power plants 
 
3.  Results 
3.1 Solar rooftop photovoltaic 
The installation of 11.04 kWp solar photovoltaic power plant is tentatively comprised of the following; 
Forty-eight units of photovoltaic modules, multi-crystalline solar modules were used in this project with 
its efficiency of 14.0%. Three units of inverter, each of which has its nominal output 3.5 kW and its 
efficiency of 95%. This project is located at Bangkok area with its solar irradiation of 4.84 kWh/m2.day. 
Energy generated by this project is 14.7 MWh/annual. The total capital cost of project is $48,387 with its 
annual O&M of 1% of the capital cost. The RETscreen calculated the return of investment to equity IRR 
of 11% with the proposed feed-in tariff at $0.48/kWh as presented in Table 3, 6 and 7. 
 
3.2  Integrated ground mounted and solar rooftop photovoltaic  
 
     The installation of 330 kWp solar photovoltaic power plant is comprised of the following; 2,325 units 
of photovoltaic modules, amorphous and micro-crystalline silicon (in Tandem Junction) solar modules 
were used in this project with its efficiency of 11.0%, and 3 units of inverter, each of which has its 
efficiency of 95%. This project is located at Chonburi province, east from Bangkok with its solar 
irradiation of 5.13 kWh/m2.day. Energy generated by this project is 434 MWh/annual. The total capital 
cost of project is $887,096 with its annual O&M cost with 1% of the capital cost. The RETscreen 
calculated the return of investment to equity IRR of 11% with the proposed feed-in tariff at $0.31/kWh. 
The electricity generated in this project from its actual assessment as compared to the calculation by the 
RETscreen model as in Fig. 3. The electricity generated and financial studies are shown in Table 4, 6 and 
7. 
Technical data inputs     
    Solar rooftop Ground mounted and rooftop Utility scale 
Capacity 11.04 kW 330 kW 38.5 MW 
Capital cost  $ 48,387  $ 887,096 $ 128.16 Million 
O&M cost  $ 433/year $ 8871/year $ 1.28 Million/year 
Cost of electricity $0.46/kWh $ 0.29/kWh $ 0.27/kWh 
Benefit-cost ratio 1.10 1.12 1.06 
Internal rate of 
return to equity 
11.1% 11.5% 11.0% 
Simple payback 7.4 years 7.4 years 7.7 years 
Net present value $ 2,346 $ 61,765 $ 3.45 Million 
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3.3 Utility scale of solar photovoltaic 
 
    The installation of 38.5 MWp solar photovoltaic power plant is comprised of the following; 161,040 
units of multi-crystalline solar modules were used in this project with its efficiency of 14.0%, and 61 units 
of inverter, each of which has its efficiency of 97-98 %. This project is located in Ayutthaya  province, 
the previous capital of Thailand with its solar irradiation of 5.15 kWh/m2.day Energy generated by this 
project is 63,738 MWh/annual. The total capital cost of project is $128.16 Million with its annual O&M 
around 1% of the capital cost. The RETscreen calculated the return of investment to equity IRR of 11% 
with the proposed feed-in tariff at $0.28/kWh, as presented in Table 5, 6 and 7. 
 
 
 
 
Fig. 4.  Electricity calculation by RETscreen model and from actual assessment 
 
4. Conclusions 
      From the financial analysis of three cases of solar photovoltaic, the results show that solar 
photovoltaic investments need government subsidization. Under the present scheme, at the premium or 
Adder of $0.21/kWh for 10 years subsidization is not the financial feasibility in electricity generation 
investment from solar energy, especially in small scales. The new proposed feed-in tariff schemes in 
various scales of investment from data collected in year 2010; (1) $0.48/kWh for residential scale, (2) 
$0.31/kWh for integrated ground mounted and rooftop, and (3) $0.28/kWh for utility scale with installed 
capacity larger than 1 MW are reasonable for investment and make the equity investor feasibly profitable 
for the whole lifetime of the projects. However, with the rapidly and continuously decreasing of solar 
modules make the feed-in of solar PV power plants remarkably decreased as well, from now and in the 
near future. The proposed feed-in tariffs would be revised every 2-3 years due to the decreased solar 
modules prices. 
     Feed-in tariff is in place in 61 countries and 26 states/provinces worldwide now and has proven to be 
more effective than other instruments such as investment subsidies, low interest loans, net metering and 
fiscal incentives, bidding/tendering schemes in supporting for solar PV. Feed in tariff is an amount of 
money paid by a government to businesses, individual households, and in other organizations that are 
involved in generating renewable electricity. This electricity is sold to the utility at a fixed rate, or a tariff, 
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over a certain period of time. The utility, in turn, can require its customers to pay a surcharge for 
renewable generated electricity. In the EU, nearly 100% of the new solar PV capacity since 1997 was 
installed in countries using feed-in tariffs and nearly all countries with growing solar PV markets have 
used feed-in tariff. It is recommended that Thailand must learn from the best practice in the world as well 
as draw lessons on its own experience of feed-in scheme in the development of solar power and other 
renewable energies as well. 
     Germany is the world’s strongest solar PV market, with 24.8 GW of cumulative installation in 2011, 
equivalent to a 35.6 percent share of the world market. The grid parity in Germany has been reached at 
the end of 2012, which means that solar power will then be generated at costs corresponding to those of 
regular consumer electricity tariff or lower.  The main mechanism employed by Germany is the feed-in 
tariff, which is regarded as a valuable mode for policy-makers worldwide. In 2008, the German utilities 
paid the tariffs between €0.35/kWh and €0.47/kWh (depending on the sizes and types of the system) for 
solar electricity generated from newly-installed solar PV arrays. 
     On July 1, 2012, Japan’s new Feed-in tariff (FIT) law went into effect, requiring the utilities to 
purchase electric power from renewable energy suppliers at a fixed price over a set period. The Ministry 
of Economy, Trade, and Industry (METI) who newly-introduced FIT is a part of require Japan’s utilities 
to sign contracts with renewable energy producers in five specific areas: solar PV, wind, geothermal, 
mini-hydro, and a number of different kinds of biogas/biomass. METI’s Agency for Natural Resources 
and Energy, which is tasked with putting the new law into practice, proposed the tariff system that went 
into effect. For solar, there are two categories. Solar power firms producing over 10 kilowatts are to 
receive a contract price of 42 yen/kWh over a period of 20 years. Those firms producing under 10 
kilowatts will also receive 42 yen/kWh, but with a contract of 10 year period. 
     In Thailand, Ministry of Energy established the road map as strategy to promote renewable and 
alternative energy development for a 25 percent scheme in ten years: including solar energy target in 
2021 of 2,000 MW installed capacity by; 1) promotion community to collaborate in broader production 
and consumption of renewable, 2) adjusting incentive measures for investment from private sector 
appropriated with the situation (including feed-in tariff scheme), 3) amending laws and regulations which 
do not benefit to renewable energy development, and 4) improving the infrastructure system including 
grid connection. 
     Lastly, there is concerned over that the cost of electricity generated from renewable energy cannot be 
competitive with fossil based energy. However, under the long term period when solar modules would 
decrease significantly and continuously, the electricity generated of solar energy could be one day 
competitive with fossil based energy even if the government started subsidizing renewable investors 
under feed-in tariff scheme. 
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